Pulsed-field gel electrophoresis (PFGE) has been used successfully to discriminate between strains of many different bacterial species. In this study, digestion of bacterial DNA with the restriction endonuclease Not1 and PFGE were evaluated for the typing of isolates of ShigeZZa dysenteriae type 1, an important cause of epidemic dysentery. There were 27 isolates from four outbreaks of dysentery, and 44 isolates from endemic dysentery cases and a laboratory culture collection. The epidemic isolates yielded two types each with two subtypes, whereas the endemic isolates and culture collection yielded eight types with numerous subtypes. These findings suggest that S. dysenteriae 1 can be typed by PFGE.
Introduction
The genus Shigella is divided into four species: S. dysenteriae, S. jlexneri, S. boydii and S. sonnei. The first three species are further subdivided into several serotypes based on agglutination with monospecific antisera. In S. dysenteriae, there are 10 or more serotypes [l] . S. dysenteriae type 1 has been responsible for epidemics of dysentery in Asia, Latin America and Africa in recent times [2] . It is also routinely isolated from endemic dysentery cases [3] .
Strain discrimination is important for epidemiological studies. Analyses of plasmid content and antimicrobial susceptibility patterns have been used in the past for strain discrimination of certain Shigella spp. [4, 51. However, these methods have limitations, as plasmids are unstable and, in many instances, antimicrobial resistance is encoded by plasmids [6] . These methods have now been superseded by ribotyping, which relies on polymorphism in the regions surrounding the rRNA genes [ 71, and pulsed-field gel electrophoresis (PFGE) of whole chromosomal DNA [8] . In the latter method, chromosomal DNA is digested with a restriction endonuclease that generates large fragments. The restriction fragments are resolved into a pattern of discrete bands in an agarose gel in which the orientation of the electric field across the gel is changed periodically ('pulsed') rather than kept constant as in conventional agarose gel electrophoresis. The DNA restriction patterns of the isolates are then compared with one another to determine their relatedness. PFGE has been employed successfully for strain discrimination of a variety of bacteria, including S. sonnei [9, lo] , which is the predominant species causing dysentery in developed countries. However, to our knowledge, there has been no study where this technique was used for strain discrimination of S. dysenteriae type 1, which is an important cause of dysentery in developing countries. Therefore, the present study evaluated the utility of PFGE in typing S. dysenteriae type 1 isolates.
Materials and methods
The S. dysenteriae type 1 strains that were studied are shown in Table 1 and include isolates from both epidemic and endemic dysentery cases. The epidemic isolates from Calcutta were provided by S. C. Pal, National Institute of Cholera and Enteric Diseases, Calcutta, India [ 113. Teknaf and Rangpur isolates were from epidemics that occurred in south-eastern and northern parts of Bangladesh, respectively, in 1985 [6, 121. The isolates from Bombay were from a local outbreak in 1978 and were provided by L. l? Deodhar, LTM Medical College, Bombay, India. The isolates from endemic dysentery cases were from Matlab and Dhaka in Bangladesh, Bangalore in southern India, and the culture collection at the Centers for Disease Control (CDC), Atlanta, GA, USA. The Indian isolates were provided by P. Bhat, St John's Medical College, Bangalore, India, and the CDC isolates were provided by G. W. Grady. Both the epidemic and endemic isolates from Bangladesh were cultured at the microbiology laboratories of the International Centre for Diarrhoea1 Disease Research, Bangladesh (ICDDR,B), located either in Dhaka or Matlab and which are separated by 45 km. There were no data on how many subcultures the bacterial isolates had undergone before they were received at this laboratory. On receipt, the cultures were stored at -70°C in Trypticase Soy Broth (Difco, Detroit, MI, USA) with glycerol 15%. The identity of the isolates was confirmed by biochemical reactions and agglutination with specific antiserum ~3 1 .
DNA for PFGE was prepared as described by Smith et al. [14] . PFGE was performed with the contourclamped homogeneous electric field (CHEF-DRII) apparatus from BioRad Laboratories (Richmond, CA, USA) as described previously [ls], but with different pulse times as described below. Genomic DNA in Clean-cut Agarose (BioRad) 1% was digested with restriction endonucleases (Gibco BRL, Gaithersburg, MD, USA) and incubated overnight at 37°C. DNA was electrophoresed on Pulsed Field Certified Agarose (BioRad) 1% at 200 V for 40 h with the following pulse times: 5-50 s (12 h), 20-80 s (12 h) and 60-120 s (16 h). The DNA size standards used were the bacteriophage l. ladder ranging from 48.5 to 1000 kb (BioRad) and Saccharomyces cerevisiae chromosomal DNA ranging from 225 to 2200kb (BioRad). Band sizes were determined by measuring the migration distances of the bands and extrapolation to a standard curve of migration distance against the logarithmic molecular size of the DNA size standards. Band patterns were established by the criteria described by Tenover et aZ. [8] . Isolates were considered genetically indistinguishable if they possessed PFGE patterns with the same number and same size of bands.
Closely related strains differed by changes consistent with a single genetic event (two-to-three band differences) and possibly related strains differed by changes consistent with two independent events (four-to-six band differences). Unrelated strains differed by three or more independent genetic events (seven or more band differences).
of the pattern, the 10 isolates were subcultured five times and, after each subculture, the pulsed-field gel patterns were determined after digestion with NotI. The patterns remained unchanged after each subculture (data not shown).
The PFGE patterns obtained with the epidemic and endemic isolates are shown in Table 1 . The representative patterns are shown in Fig. la-c . As examples of discrimination between subtypes, in Fig. 1 a, The major types differed by seven-to-eight bands and the subtypes differed by two-to-five bands. The epidemic isolates were homogeneous, with a maximum of two subtypes in each group (A1 and A2, and Bl and B2). Isolates fiom Teknaf and Rangpur in Bangladesh were identical to the isolates from Calcutta, India. The isolates that caused the outbreak in Bombay in the central-western part of India were quite distinct. The endemic isolates from India and Bangladesh, and the isolates from the CDC collection, were heterogeneous. Even so, among the endemic isolates, there 
Results
Initial studies were performed with 10 strains of S. dysenteriae type 1 from the collection and several restriction endonucleases, including Not I, Xba I, Sma I and CZaI (Gibco BRL). The best discrimination, with easily interpretable patterns, was obtained with Not I; Xba I produced numerous fragments, while Sma I and CZaI did not yield restriction fragments of uniform size distribution (data not shown). Therefore, further studies were performed with NotI. To determine the stability A2  A1  A1  A2  B1  B2   A1  A2  A3  C  D  A1  A3  A4  A5  A6  E  A1   A2   A7  A8  B1  B3  B4  B5  B6  B7  F  A2 were isolates that were indistinguishable from the
Discussion
isolates that caused the epidemics (e.g., PFGE type Al, A2, Bl). PFGE types A1 and A2, detected among the Preliminary studies showed that Not1 gave the best epidemic strains in the mid-1980s in Bangladesh and discrimination of the strains. Hence, this endonuclease India, were present among the endemic strains in was used for typing of all isolates. The studies also Bangalore in 1977-1978. PFGE type A2 was present showed that the patterns obtained were remarkably among the CDC collection dated 1979. stable, as shown after repeated subcultures.
Isolates obtained from Teknaf and Rangpur in Bangladesh were identical to the isolates obtained from Calcutta, India. This is not surprising, because these areas are geographically close, and a large epidemic encompassing these areas occurred during 1984-1986 [6, 11, 121. Some epidemic and endemic isolates had common PFGE types, e.g., types A l , A2 and B1. This observation is similar to results obtained in studies in the USA and Japan, where some or all of the outbreak strains of S. sonnei were indistinguishable from endemic strains [9, 161. How an endemic strain becomes an epidemic strain is a matter of speculation. It could be due to the build-up of a susceptible population or to the acquisition of unknown virulence properties by the endemic strains that are not evident in PFGE analysis. The PFGE types A1 and A2 were first detected among the epidemic isolates in Bangladesh in the mid-1980s. They were also detected subsequently among the endemic isolates in Matlab in 1987 and in Dhaka in 1997. This suggests that the epidemic strains became endemic in these areas.
The present study has shown that the epidemic strains of S. dysenteriae type 1 were homogeneous and endemic strains were heterogeneous by PFGE. This suggests that, as with other bacteria, it is possible to apply the PFGE technique for typing of S. dysenteriae type 1 isolates.
